Mixture of phosphoric and sulfuric acid solutions has been used to investigate the dissolution of natural phosphates (PN) by DRC. The effect of concentration, particle size and stirring speed reaction is examined. Thermochimique properties of each kinetic parameters reaction are determined. It was found that these parameters have a considerable effect on the thermochemical aspect of the attack reaction. It is known that the process of PN sulphophosphoric acid attack leads to the formation of dihydrate (CaSO 4 •2H 2 O: DH). The present work shows the precipitation of other residues their formula depends on factors studied. The increase in concentration leads to the formation of hemihydrate (CaSO 4 v1/2H 2 O:HH) beside DH for the low values of% H 2 SO 4 due to the solubility of dihydrate on the etching solution and the precipitation of (Ca (H 2 PO 4 ) 2 •2H 2 O) next of DH for low agitation values because of the lack of turbulence between the liquid phase and the solid phase which favors the precipitation of this latter compound.
Introduction
The production of phosphoric acid is based on the attack of natural phosphates by the mixture of phosphoric and sulfuric acid. These acids are introduced simultaneously or successively [1] . The composition of natural phosphate (PN) varies from one source to another. Most of the world's phosphate rocks are of sedimentary origin and primarily derive from fluorapatite (FAP) by various substitutions [2] [3] . Therefore, these phosphates from different sources are expected to behave differently in acidulation processes. The process of phosphate ores dissolution occurring inside an industrial reactor is not yet quite clear.
Therefore, several publications were conducted to studies the dissolution of phosphate synthetic [3] - [11] or natural [12] - [22] in aqueous acid solutions to clarify the kinetics and the process mechanism to improve the performance of phosphate attack. However, phosphate rocks decomposition by sulfuric acid remains the most widely used method and over 90% of the phosphoric acid produced worldwide is manufactured by digestion of phosphate rocks with sulfuric acid as an acidulant [21] . Dissolution of phosphate ore using sulfuric acid was examined by many researchers [23] - [30] . Sevim et al. [23] investigated the dissolution of phosphate ore in aqueous sulfuric acid. An Avrami-type equation was used successfully to explain kinetic data and the activation energy was determined as 29.66 kJ•mol −1 . Olanipekun et al. [20] in the range of 60˚C -90˚C
showed that the diffusion through an ash (or product) layer is the controlling step, and the activation energy of the dissolution of Nigerian phosphorite in aqueous solutions of sulfuric acid was determined as 17.60 kJ•mol −1 . A similar conclusion has been obtained for the Nigerian phosphorite in a mixture of sulfuric and hydrochloric acids with activation energy as 13.25 kJ•mol −1 [19] .
In spite of the multitude of reactive dissolutions, the majority of the published articles devoted to the kinetic study of the reaction of acid attack of the phosphates. The latter is a heterogeneous process with several phases. Fewer studies have been devoted to the thermodynamic study of the kinetic factors influencing the attack reaction, for which most of the time the studies the parameters are the initial concentrations of reagent and the temperature [4] [5] [7] [8] [12] , the implementation is much more delicate such as the hydrodynamic parameters, the stirring speed, capable of modifying the mass transfer and makes it possible to promote the contacting of the reagents and thus to accelerate the reaction.
Similarly, the most widely used techniques in the literature are ICP [31] , isoperibolic calorimetry [32] and microscopy [33] . [9] found that the dissolution is controlled by a diffusion phenomenon. Of the same, Amira et al. 
Material and Method
Phosphate rocks were obtained from a mine located in Gafsa (Tunisia). It was supplied by the manufacture CPG (Company of Phosphate from Gafsa). The chemical composition determined by thermogravimetry using a B60 SETARAM microbalance, ionometry using a specific fluoride electrode ISE25F and Ag/AgCl reference electrode and inductively coupled plasma (ICP) [16] .
The DRC used is a SETARAM model which works based on the simple principle of differential thermal analysis which continuously measures a temperature difference, ΔT, between a measuring reactor and a reference one. The infallibility of this apparatus for kinetic and thermodynamic studies has been thoroughly researched by Amira et al. [34] . The experimental protocol followed to study the dissolution of the PN in the mixture of sulfuric and phosphoric acid solution can be described as follows: 100 g of the attacking solution, S, (20 g of concentrated sulfuric acid and 80 g of recycled phosphoric acid, 20% of P 2 O 5 ) and a mass "m"
of the PN in a sealed sample holder which prevents its contact with the attacking solution were placed in the measuring reactor. To keep things balanced, the same amount of reactants was placed in the reference reactor. The contact of the two reagents is triggered by opening the sample holder. Some time, which varies according to the kinetics of the phenomenon, is necessary to regain thermal equilibrium which is seen by the return to the baseline. A calibration operation is then carried out by recreating in the measuring cell a power close to that produced by the chemical phenomenon studied for a variable period of time. The same calibration operation is also performed before the NP attack. These two operations are essential to establish the specific heat of the mixture obtained before and after dissolving the PN.
Results and Discussion

Thermochemical Effect of PN Composition
The same initial conditions were used for all the experiments carried out in this It is well known that grain size only has an effect on the kinetic aspect of the attack reaction [13] - [19] . However, as will be seen; our results reveal that it also has a considerable effect on the thermochemical aspect. Indeed, the mass enthalpy measured for the different grain sizes (100, 160, 200, 315 and 500 μm) undergoes a very significant change for a temperature of 25˚C (Figure 2 ). This result seems to be surprising. Thus, to explain this behavior, the composition of P 2 O 5 ( Figure 3 ) and that of calcium carbonate ( Figure 4 ) were used for each grain size. For this reason, the P 2 O 5 content was determined by spectrophotometry according to the method described by Gee and Deitz [35] . Examination of the curve in Figure 3 shows that the composition of the different P 2 O 5 sections has a random dispersion. A similar result was observed by Ben Brahim et al. [15] . So the change in enthalpy appears to be related to the change in the chemical composition regarding the calcium carbonate. Indeed, the curves in Figures 2-4 have the same shape. This result is not surprising because Tunisian phosphate is known for its high reactivity due to its relatively high carbonate content.
Thermochemical Effect of Stirring Rates
Stirring and mixing are two complex homogenization operations involving hydrodynamic, thermal, chemical and mechanical phenomena. As will be seen in this work, these two operations not only affect the kinetics of the attack reaction but also the nature of the final products. ) on one hand [36] [ 37] , and that of DH [38] on the other hand, the total heat, Q tot , released during the sulfo-phosphoric attack 
Thermodynamic Effect of Sulfuric Acid Concentration
The attack reaction on the phosphates with an acid solution is a heterogeneous reaction. It is evident that concentration plays a very important role in the 
Conclusion
The thermochemical study of sulfophosphoric attack of Tunisian phosphate ore was investigated calorimetrically, considering the effect of grain size, string rate and concentration on the attack reaction. Attack of a phosphate ore by mixture acid solution is a complex process probably beginning by dissolution of the ore and then precipitation of calcium compounds their formula depends on factors studied. These kinetic parameters not only have effect in the kinetics of the attack reaction but also have a considerable effect on the thermochemical aspect.
We will not stop at the stage of the thermodynamic study of the sulfophosphoric attack reaction. Our approach in the future work is to study the kinetic aspect of this last reaction by varying the different kinetic factors influencing the reaction attack.
